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(54) LOAD CONTROLLER

(57) There is provided a load controller for a system,
the system comprising a first sub-system arranged to de-
liver a first load, the load controller being operable to:
acquire a first target load profile, being the load initially
desired for delivery by the first sub-system over an op-
erational period; measure in real time during an update
window within the operational period: a first parameter
of the first sub-system, to obtain a first measured monitor
signal; and the first load, to obtain a first measured load
signal; develop in real time a model of the first sub-sys-
tem, using the first measured monitor signal and the first
measured load signal, the model relating the first load to
the first parameter; given the first target load profile, and
the model of the first sub-system, generate for a future
period a first predicted monitor signal, the future period
being ahead of the update window; and determine wheth-
er the first predicted monitor signal satisfies at least one
predetermined criterion.
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Description

[0001] The present invention relates to a load controller, and to a method for controlling a load at a system.
[0002] In various complex systems, such as the power generation system of an aircraft, an overall system is comprised
by one or more sub-systems.
[0003] Sub-systems, such as on-aircraft generators, are prone to various faults and failures.
[0004] Often, such sub-systems are prone to overheating and can be monitored by a thermomechanical fuse within
the system. The thermomechanical fuse can operate so that if a monitored temperature exceeds a threshold, the fuse
blows so that power is no longer supplied to the sub-system.
[0005] According to a first aspect of the present invention there is provided a load controller for a system, the system
comprising a first sub-system arranged to deliver a first load, the load controller being operable to: acquire a first target
load profile, being the load initially desired for delivery by the first sub-system over an operational period; measure in
real time during an update window within the operational period: a first parameter of the first sub-system, to obtain a
first measured monitor signal; and the first load, to obtain a first measured load signal; develop in real time a model of
the first sub-system, using the first measured monitor signal and the first measured load signal, the model relating the
first load to the first parameter; given the first target load profile, and the model of the first sub-system, generate for a
future period a first predicted monitor signal, the future period being ahead of the update window; and determine whether
the first predicted monitor signal satisfies at least one predetermined criterion.
[0006] Such a provision of a model which is developed in real time enables the controller to take into account a fault
which occurs in the operational sub-system and amend loads accordingly. This can tend to offer options regarding how
the system reacts to the fault. For instance it may no longer be necessary to completely shut off power to the sub-system;
instead a graded response can be taken whereby load is reduced in line with the severity of the fault.
[0007] The load controller may be operable to: recognise that the first predicted monitor signal is incompatible with
the predetermined criterion and determine at the first processing module an updated load profile for the first sub-system
such that the first predicted monitor signal satisfies the predetermined criterion.
[0008] The load controller may be for a system comprising at least one further sub-system for delivering a further load,
and as such the load controller may be further operable to: acquire a further target load profile, being the load initially
desired for delivery by the further sub-system over the operational period; measure in real time during an update window
within the operational period: a further parameter of the further sub-system, to obtain a further measured monitor signal;
and the further load, to obtain a further measured load signal; develop in real time a model of the further sub-system,
using the further measured monitor signal and the further measured load signal, the model relating the further load to
the further parameter; given the further target load profile, and the model of the further sub-system, generate for the
future period a further predicted monitor signal, the future period being ahead of the update window; and determine
whether the further predicted monitor signal satisfies at least one further predetermined criterion.
[0009] By providing more than one sub-system, the controller can have more flexibility in how it delivers an overall
load requirement.
[0010] The load controller may be operable to determine an updated load profile for the first sub-system by comparing
the first predicted monitor signal to the predetermined criterion to determine a first suggested load profile, the first
suggested load profile being the first target load profile confirmed as, or adapted for, satisfying the predetermined criterion;
and determine an updated load profile for the further sub-system by comparing the further predicted monitor signal to
the further predetermined criterion to determine a further suggested load profile, the further suggested load profile being
the further target load profile confirmed as, or adapted for, satisfying the predetermined criterion.
[0011] The load controller may further comprise a load allocator, the load allocator arranged to: acquire an overall
target load profile for the system, receive the first and further suggested load profiles, determine whether the combination
of the first and further suggested load profiles meets the overall target load profile, and output the updated load profiles
for the first and further sub-systems.
[0012] Such a load allocator allows a load to be not only shared between a plurality of sub-systems but also for load
redistribution between the sub-systems. This redistribution can tend to enable the overall system to deliver loads despite
certain faults.
[0013] Further, the load controller may be operable to, in the event that the first and further suggested load profiles
do not fulfil the overall target load profile: determine a margin of compliance with the predetermined criterion for each
of the suggested load profiles/input signals, identify any suggested load profile/input signal with an excess of compliance,
compensate by adapting the excessively compliant suggested load profile to tend to fulfil the overall target load profile;
and output the adapted suggested load profile as the updated load profile.
[0014] As such, the scenario where load can safely be transferred from a ’due to breach criterion’ sub-system to a
’satisfying the criterion by a margin’ sub-system is provided for. Thus, there is further flexibility in the sharing of load
according to need and capacity.
[0015] The load allocator may be operable to issue an alert when it detects that: the overall target load profile cannot
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be achieved from the suggested load profiles, and there is insufficient excess of compliance between the suggested
load profiles to compensate.
[0016] Such an alert can be further processed by surrounding operators or infrastructure.
[0017] The predetermined criterion may be a maximum threshold. Alternatively the criterion could be a minimum
threshold, or a pass band, or a rate of approach to a certain limit, or any combination of these.
[0018] The maximum threshold may be based on a defined maximum monitor signal, and wherein to determine whether
the first target load profile is satisfies the criterion, the controller is operable to apply the defined maximum monitor signal
to the model of the sub-system to obtain the corresponding maximum measured load signal, and compare the maximum
measured load signal to a further portion of the target load profile.
[0019] As such, the controller can quickly and simply switch from a criterion breaching load to the greatest load that
is known to satisfy the criterion. Accordingly, the load that is in effect shed, is minimised.
[0020] Where more than one sub-system is provided for control by the load controller, the same parameter may be
monitored at each sub-system.
[0021] The load controller may be provided with an initial model of the sub-system generated from preliminary test
data, and wherein to develop the model of the sub-system, the load controller is operable to adapt the initial model.
[0022] Providing a preliminary or initial model of the sub-system can reduce the computational burden on the load
controller as it operates and develops the model in real time. This may particularly be so where the preliminary model
is in the form of a transfer function, with initial coefficient values established from the test data and where the development
of the model can comprise simply updating these coefficients (rather than finding a completely new form of equation to
define the relationship).
[0023] The load controller may be operable to develop the model repeatedly during the operational period by measuring
the parameter during a plurality of incrementally advancing update windows, and for each update window, generating
for an associated future period a predicted monitor signal.
[0024] The sub-system or each of the sub-systems may be an electrical device and the parameter may be the tem-
perature of the sub-system. In particular the subsystem or each of the sub-systems may be an electrical generator and
the load may be an output current for driving a load device.
[0025] According to a second aspect of the invention there is provided a method of controlling a load at a system, the
system comprising a first sub-system for delivering a first load in response to a first input signal, comprising the steps
of: acquiring a first target load profile, being the load initially desired for delivery by the first sub-system over an operational
period; measuring in real time during an update window within the operational period: a first parameter of the first sub-
system, to obtain a first measured monitor signal; and the first load, to obtain a first measured load signal; developing
in real time a model of the first sub-system, using the first measured monitor signal and the first measured load signal,
the model relating the first load to the first parameter; given the first target load profile, and the model of the first sub-
system, generating for a future period a first predicted monitor signal, the future period being ahead of the update window;
and determining whether the first predicted monitor signal satisfies at least one predetermined criterion.
[0026] So that the invention may be understood, exemplary embodiments thereof shall now be described with reference
to the following figures, of which:

Figure 1 shows schematically a load controller according to a first embodiment of the invention;

Figures 2a, 2b and 2c show data from a simulation of a generator driven in combination with a load controller of the
type shown in Figure 1;

Figure 3 shows schematically a load controller according to a second embodiment of the invention and configured
to control two generators; and

Figure 4 shows schematically a load controller according to a third embodiment and configured to control more than
two sub-systems.

[0027] With reference to Figure 1, there is shown a load controller 100 and a first sub-system 208, which are part of
a general system 10. The load controller 100 and the first sub-system 208 are in communication. In particular, a signal
230 relating to a load measured at the sub-system, and a signal 220 relating to a monitored parameter of the sub-system
can be sent from the sub-system 208 to the controller 100. Thus the load controller 100 does not transmit signals to the
sub-system 208 and so can be considered a passive controller in the present example.
[0028] The load controller 100 comprises a processing module 106 and an adaptive model 108 of the first sub-system
208.
[0029] The processing module 106 can receive as an input a signal representing an initial target load profile 102. The
target load profile 102 is the load over a period of time that an operator desires or expects the sub-system 208 to deliver.
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The target load profile 102 can be comprised of various phases or periods of operation and, as shown here, comprises
a load which extends from time zero, through to time t1 and on to time t2.
[0030] Further, the processing module 106 can receive as an input at least one predetermined criterion 104, which is
a condition of the sub-system 208 which should be satisfied during its operation.
[0031] Still further, the processing module 106 can receive from the model 108, a predicted monitor signal 120.
[0032] The processing module 106 can output a target load signal 110. The target load signal 110 is determined by
the processing module 106 as the signal which the sub-system 208 is desired or expected to achieve in order to deliver
a portion of the target load profile 102. As shown, the target load signal 110 is for delivering the target load profile 102
between time zero and time t1, this period may be referred to as an update window.
[0033] The target load signal 110 is communicated to the model 108.
[0034] The processing module 106 can also determine a desired or expected future load signal 111, which is the signal
which the sub-system 208 is desired or expected to achieve in order to deliver a future portion of the target load profile
102, which follows on from the first update window. As specifically shown here, the future load signal 111 delivers the
portion of the target load profile 102 between time t1 and time t2. The future load signal 111 is sent to the model 108.
[0035] The adaptive model 108 is established from test data according to System Identification techniques.
[0036] Once so established, the model 108 can be developed in real time operation using a Forgetting Factor technique.
[0037] Thus the model is suitable for establishing a transfer function for the system, defined by certain terms each
term having a coefficient, where the coefficients can be readily updated in real time.
[0038] Accordingly, the model is established without relying on a complete understanding of the physics of the sub-
system. Instead, the sub-system is treated as a ’black box’ for which the mathematical relationship between certain
inputs (e.g. a load current supplied by a generator) and outputs (e.g. the temperature of that generator) can be determined
from the data.
[0039] More specifically the model 108 is an AutoRegressive eXogenous (ARX) model which is initially established,
using test data, according to a Normalised Recursive Least Squares technique. As such, before use in real time on a
particular sub-system, the model is built up based on load and monitored parameter data collected from equivalent sub-
systems that are known to be operating according to expected standards.
[0040] Equation 1 defines the relationship between the output and the input in terms of a transfer function: 

Where

y(t) is the output
U(t - nk) is the input

  is the transfer function 

and 

nk refers to the number of inherit delays of the system.

[0041] The coefficients of B(z) and A(z) can be put together into a vector θ (where θ = [a1, a2 ... an, b0, b1 ... bn])
hence its values are chosen in such a way that the cost function of Equation 2 is minimized (Least Squares Method). 
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 where

y(t) is the measured output and
y(t) is the predicted output

[0042] The cost-minimised coefficients are then used in the transfer function of Equation 1, thereby establishing the
initial model from the test data.
[0043] In addition to the target load signal 110 and the future load signal 111, the model 108 receives, from the sub-
system 208, the measured monitor signal 220 and the measured load signal 230.
[0044] The measured monitor signal 220 is the time profile of a parameter of the sub-system and in particular a
parameter from which the satisfaction (or not) of the predetermined criterion 104 can be assessed. The measured monitor
signal 220 can be collected in real time.
[0045] The measured load signal 230 is the actual value of the load that the sub-system 208 is delivering. The measured
load signal 230 can be collected in real time.
[0046] The initial model can be adapted during real time operation, using the measured load signal 230 and the
measured monitor signal 220 according to the forgetting factor technique of Equation 3. 

Where 

Q(t) is obtained by minimizing  
θ(t) is the parameter/coefficient vector,
y(t) is the measured output
y(t) is the predicted model output,
ψ(t) is the gradient of the predicted model output,
K(t) is a gain that determines how much the current prediction error affects the update of the parameter estimate,
P(t) is the inverse of the input correlation matrix, and
λ is the forgetting factor, 0 ≤ λ ≤ 1

[0047] Adapting the initial model according to the Forgetting Factor technique of Equation 3 leads to an updated model.
The future load signal 111 can then be applied to the updated model to generate the predicted monitor signal 120.

^

^

^
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[0048] Hence, with knowledge of the predicted monitor signal 120 generated by the model 108 and also with knowledge
of the criterion 104, and the target load profile 102, the processing module 106 is able to generate an updated target
load profile 112.
[0049] This updated target load profile 112 is used at the processing module 106 to create a further target load signal
and a further future load signal, for the next period. For example, for the Figure 1 arrangement, the further target load
signal would be for the period t1 to t2, and the further future load signal would be for the period t2 to t3 (t3 not shown).
[0050] The generation of the updated target load profile 112 will now be discussed in the particular context where the
sub-system is an electrical generator. However, the load controller 100 is suitable for use on various different sub-systems.
[0051] Electrical generators convert a mechanical rotation into an electrical power supply with an expected current
and the exemplary generator considered here is a three-phase 5KVA, 240VAC generator operating at 1500rpm to
produce the nominal voltage (240V). Each generator is configured such that once started up and working properly (i.e.
with no faults) a constant voltage and uninterrupted electrical power supply is provided. (However the power can fluctuate
with the current).
[0052] Where the sub-system 208 is a generator, the sub-system load 230 is an electrical load current and accordingly
the target load profile 102 is a target electrical load current. Each of these are sampled and fed back to the adaptive
model 108.
[0053] Further, the measured monitor signal 220 is chosen as the temperature profile over time of the generator, and
more specifically a temperature measurement derived from the temperature of the generator’s stator windings and the
generator’s stator core. Such temperatures are typically a factor in temperature-related failures of generators. The
criterion 104 is therefore chosen to be a maximum threshold for the temperature of the windings, for example here 100°C.
[0054] Accordingly, in operation on a generator, the load controller 100 receives a target load current profile 102 which
the generator 208 is expected to deliver. This current may be input by an operator uploading data to the load controller
100, and may have been compiled with advance knowledge of operational requirements.
[0055] In the present example where the generator is as set out above, the rate of mechanical rotation is taken as
fixed and the target load signal will provide a load current of around 2A to an electrical load.
[0056] The target load current profile 102 is broken down at the processing module 106 into a present or target load
current 110 and a future load current 111.
[0057] As the generator 208 operates, it will tend to heat up, for example at the stator windings and core.
[0058] As the adaptive model 108 receives the real time signals on the temperature 220 and load current 230 it acts
to assess whether these signals (e.g. the data associated therewith) are behaving according to their previously determined
relationship and develops the model accordingly.
[0059] If the relationship is consistent, then the aggregation of the further data tends to refine the forgetting factor to
improve the accuracy of the model.
[0060] However, if a departure from the previously determined relationship emerges (such as may be associated with
a fault emerging), the data will tend to adapt the model using the re-weighting of the forgetting factor to shift towards
recent data, thereby better reflecting the present state of the generator and enabling predictions of temperature given
load to be made even as the system changes.
[0061] After an update window, it can be taken that a sufficient amount of real time data has been collected from the
generator to develop the generator model. Often, the update window will be of such duration that each sample of real
time data is fed back into the generator model 108 immediately, rather than queuing up a batch of samples to feed back.
[0062] At such point, a future period of the target current 111 can be input to the adaptive model 108 so that the
adaptive model 108, now updated with an update window’s data, can generate a prediction of monitored temperature
for that period 120.
[0063] The predicted monitor temperature 120 is fed into the processing module 106 where it is compared to the
criterion 104 to determine whether that predicted monitor temperature 120 will be satisfactory.
[0064] The specific criterion 104 applied in the present example is a maximum threshold temperature.
[0065] If the predicted temperature 120 for the future period under consideration is entirely below this threshold, then
the processing module 106 can continue to deliver the target load profile 102. Subsequently the portion of the target
load profile 102 following on from the t1 to t2 portion can be fed into the sub-system adaptive model 108 as the future
load signal 111.
[0066] However, if the predicted temperature 120 for the future period under consideration suggests that the monitor
temperature will exceed the maximum permissible temperature (i.e. the criterion is not satisfied), then the processing
module 106 will, in conjunction with the adaptive model 108, generate a suggested updated target signal profile 112 for
that period which will not exceed the temperature threshold.
[0067] This updated target signal profile 112 is fed back into the processing module so that subsequent future load
signals 111 can be generated, and can also be output from the load controller 100 to an actuator or switch (not shown)
so that the load can be shed from the generator, and optionally reallocated (e.g. to another generator).
[0068] To generate the updated target load profile in order to maintain operation below a threshold, the processing
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module 106 determines, using the most recent version of the adaptive model 108, a maximum load current which can
be applied to the generator 208 without exceeding the maximum temperature, and applies this input as the load current.
[0069] Thus an updated target load profile 112 for the future period, can be applied to the generator whereupon the
process may repeat for the next section of the target load profile 102 such that signals in a further calibration period are
monitored for a further future period.
[0070] A simulation of a generator with a criterion-applying load controller was performed for approximately 14,000
seconds, and results are plotted in Figures 2a, 2b and 2c.
[0071] With reference to Figure 2a, the dotted-line plot, which is mostly coincident with and obscured by the solid line
plot, shows the load current as would be expected without criterion-based management by the load controller. This
dotted line plot may for example represent the target load profile 102.
[0072] It can be seen that this unmanaged load current, after an initial steep rise to over 6A, falls back to deliver a
steady current of about 4.5A, with two raised plateau phases (one just after 7,000s, the other just before 11,000s) which
peak at slightly over 5A.
[0073] The solid-line plot of Figure 2a shows the load current 230 as delivered when the generator is regulated by the
controller according to the adaptive model and the criterion.
[0074] It can be seen that this managed load current, is similar to the dotted-line unmanaged plot insofar as after an
initial steep rise to over 6A, the load current falls back to deliver a 4.5A, with an initial raised plateau phase at just after
7,000s to just over 5A. However, here the second raised plateau phase has been clipped and the load current does not
exceed 4.5A after 8,000s.
[0075] A predicted load current plot is not shown, but would resemble the dotted line shifted 500s to the left. That is
to say, the model predicts 500s in advance what the load signal will be if the criterion is not applied. (This may for example
be the future input signal 111 derived from the target load profile 102).
[0076] The load current output by the generator tends to raise the temperature of the generator. This temperature rise
is demonstrated in Figures 2b and 2c.
[0077] The dashed-line of Figure 2b shows the temperature/measured monitor signal 220 for the generator without
application of the load controller criterion, and the solid line shows the temperature/measured monitor signal 220 for the
generator where the load controller criterion has been applied. Until about 10500s, the solid-line and the dashed-line
are coincident.
[0078] There is also shown, as a horizontal dotted line, the threshold temperature 104 at 100°C, representative of the
criterion being applied.
[0079] Figure 2c shows firstly the temperature / measured monitor signal 220 (as a dashed line as in Figure 2b) for
the generator without the load controller criterion applied, and secondly, as the solid line, the predicted temperature /
predicted monitor signal 120.
[0080] The predicted/initial target load current 102 and predicted temperature lead their measured equivalents by
about 500s indicating that the load is predicted 500s ahead of the real time moment. This period may be referred to as
the prediction horizon.
[0081] For the first 9,000s of the simulation, the measured current follows the predicted/target current, and the measured
temperature generally follows the predicted temperature, albeit with the 500s time difference.
[0082] As can be seen, in Figure 2b, the temperature of a generator without the load controller criterion applied initially
climbs steeply from 20°C to 90°C as the load current rises. The temperature then tends to level out between 80 and
90°C as the load current levels out. There is a raised temperature portion between about 7,000s and 8,000s in response
to the first plateau phase in load current.
[0083] However at around 9,000s a generator fault is introduced to the simulation.
[0084] The fault increases winding losses in the generator, and the temperature climbs.
[0085] The generator fault changes the relationship between the measured current and the measured temperature,
which in turn leads to an adaptation of the model.
[0086] The model, as adapted, leads to a prediction that the 100°C threshold temperature will be exceeded at 10,500s.
This prediction is made 500s earlier, at 10,000s, and so the system has time to respond to prevent the threshold being
exceeded. Accordingly, the processing module applies, just before 10,500s, an updated target load profile 112 that
results in a lower load current (i.e. the clipping of the second plateau phase) and accordingly the maximum temperature
is not exceeded (see how the measured temperature follows the threshold line in Figure 2b).
[0087] The updated target load profile 112 is determined by taking the threshold temperature and inputting this to the
latest version of the sub-system model 108 to determine the maximum permissible load current given the present
operating state of the generator. This maximum permissible load current can then be applied as the updated target load
profile 112.
[0088] Accordingly, whilst the target load profile is not wholly delivered after 10,500s, a portion of the load is still
delivered and the simulated load controller prevents the simulated generator from overheating, which could cause the
generator to break down.
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[0089] With reference to Figure 3 a second embodiment of the invention is shown where the general system 20
comprises two sub-systems, in particular a first generator 308 and a second generator 408.
[0090] Each of the first 308 and second 408 generators is equivalent to the example generator above i.e. a three-
phase 5KVA, 240VAC generator operating at 1500rpm.
[0091] These sub-systems 308, 408 are controlled by a load controller 500.
[0092] For the first generator 308, the load controller 500 comprises an adaptive model of the first generator 318 and
a first processing module 350.
[0093] The first generator 308 delivers a first load current profile I1(t) analogous to the measured load signal 230 of
the first embodiment. The first generator 308 is also monitored to provide the first resulting temperature signal T1(t),
analogous to the measured monitor signal 220.
[0094] The first generator model 318 receives as inputs the first generator temperature T1(t) and the first generator
load current I1(t). Further, the first generator model 318 receives a future first load current I1(t) signal, analogous to the
future load signal 111. The first generator model 318 outputs a predicted temperature for the first generator T1(t).
[0095] The first processing module 350 comprises a first load management module 352 and a first decision maker
module 354.
[0096] The first load management module 352 receives as an input the first predicted temperature T1(t) and a first
maximum temperature threshold Tth (the criterion); the load management module 352 outputs a first maximum permissible
load current I1max(t), determined using the most up to date adaptive model 318 for that generator
[0097] The first decision maker 354 receives as input the first maximum permissible load current I1max(t) and the first
load current I1(t); the decision maker 354 outputs a suggested first load current I1th(t).
[0098] For the second generator 408, the load controller 500 comprises an adaptive model of the second generator
418 and a second processing module 450.
[0099] Equivalent to the first generator 308, the second generator 408 provides signals representative of the second
generator load I2(t) and the second generator temperature T2(t), which are relayed to the second generator model 418
to update the transfer function therein.
[0100] The second generator model 418 receives as an input the expected future load current I2(t), and outputs a
predicted future temperature T2(t) for the second generator 408.
[0101] This predicted temperature T2(t) is input to the second processing module 450, specifically a load management
module 452. Also input to the second load management module 452 is the second criterion i.e. the second temperature
threshold. In the present example, the second criterion and the first criterion are the same, Tth. Other embodiments may
apply different criteria to different sub-systems.
[0102] Accordingly, by accessing the up to date transfer function in the adaptive model 418, the second load man-
agement module 452 is able to generate from the temperature threshold a maximum second generator load current,
I2max(t).
[0103] The maximum second generator load current I2max(t) is fed into a second generator decision maker 454, where
it is compared to the second load profile I2(t) for the relevant period. Accordingly, the second decision maker 454 outputs
as the suggested load current I2th(t) whichever is smaller out of I2max(t) and I2(t).
[0104] The second processing module 450 is equivalent to the first processing module 350 insofar as it has equivalent
modules (second decision maker 454 being equivalent to first decision maker 354, second load management module
452 being equivalent to first load management module 352) communicating equivalent signals. However in practice the
signals input and output can differ from the first module 350, as can the transfer functions or logic of the modules.
[0105] The load controller 500 further comprises a load allocation module 510. The load allocation module 510 receives
as inputs the suggested first load current I1th(t) and the suggested second load current I2th(t) and outputs the first load
current I1(t) and the second load current I2(t). The load controller 500 also receives a signal, the Target Load Overall
Profile 511, indicating the overall load which the generators are to provide.
[0106] In the present example, the first and second generators are substantially identical, AC generators with the
same rating, and so can be assumed to initially, and in the absence of failure, operate equivalently and be able to provide
the same target load contributing equally to the overall load. Also, the first and second maximum temperatures are set
to be the same temperature.
[0107] Prior to operation, a model for each of the generators 318, 418 is developed by running an equivalent generator
in a controlled environment and monitoring the inputs and outputs to record test data. This test data can be converted
in a mathematical transfer function defining the generator as a set of factors, each having a coefficient associated
therewith. In the present embodiment, the transfer function was used to relate the load current of the generator (the
input) to the temperature of the generator (the output), using the AutoRegressive eXogenous (ARX) model described
above.
[0108] In operation a user may have a requirement to supply a certain electrical load current using a combination of
the first and second generators 308, 408. This load current could be for providing power to various electrical components
such as actuators, motors, and avionics systems.

^
^

^

^
^

^
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[0109] The user may then feed that requirement into the system 20 as an overall target load profile 511. This initial
target load profile can then be divided, by the load allocator 510, into two initial target load current profiles, one for the
first generator 308, one for the second generator 408.
[0110] The first target load profile and second target load profiles are fed as suitable inputs, in real time, into their
respective generators 308, 408 to deliver the load current.
[0111] For each generator 308, 408, the actual load current output and the temperature of the generator are measured,
and fed into the respective generator models 318, 418. This real time data is used to adapt the transfer function of the
respective adaptive model by changing the forgetting factor as described above.
[0112] Further, the load current profiles are fed into the respective decision maker modules 354, 454.
[0113] Meanwhile, a future section of the target load profile is fed into the respective generator model and a predicted
temperature is generated using the latest generator model. The predicted temperature is fed into the load management
module 352, 452.
[0114] At each load management module 352, 452, the predicted temperature is compared to the maximum threshold
temperature. Accordingly, a maximum permissible load current for the generator, given current operational behaviour
(ie given the current state of the model), is determined. This maximum permissible load current is fed into the respective
decision maker 354, 454.
[0115] Subsequently, the decision maker module can generate, from the maximum permissible current and the load
current profile, a suggested current for the future period.
[0116] For instance, if for a given time period the load current is less than the maximum permissible load current, the
decision maker will output a suggested current equal to the load current. However if the load current is equal to or greater
than the maximum permissible current, then the suggested current will be equal to the maximum permissible current.
[0117] The suggested currents from the first and second processing modules 350, 450 are passed to the load allocation
module 510 where they can be summed and compared to the overall load profile.
[0118] In a first operational scenario, the sum of the loads I1th(t), I2th(t) suggested by the first and second processing
modules is sufficient to fulfil the overall load profile 511, and no adjustment to the load profiles I1(t), I2(t) needs to be
taken at that time.
[0119] In another operational scenario, which is here termed the ’rebalance’ scenario, the combined operation of one
generator model and its processing module predict that the generator will overheat if the future load profile is strictly
adhered to. Meanwhile, the other combined operation of the other generator model and its processing module predict
that its generator is not due to overheat and in fact is operating within limits by a comfortable margin. Such a determination
can be made by comparing the predicted temperature to the maximum temperature and finding that the predicted
temperature is a sufficient margin below the maximum temperature.
[0120] In this rebalance scenario, the decision maker for the overheating generator will ’shed load’ by feeding in a
lower current as the suggested load current to the load allocation module (i.e. Inth(t) = Inmax(t)). Thus the temperature of
the generator will tend to be stabilised at the maximum temperature.
[0121] Meanwhile the decision maker module for the healthy generator (i.e. showing no signs of fault or failure) will
feed in the unamended current profile to the load allocation module (i.e. Imth(t) = Im(t)).
[0122] Accordingly a lowered current profile for one generator, and an unamended current profile for the other generator
are suggested to the load allocation module 510 for the upcoming time period. These current profiles are summed and
compared to the overall current profile 511 whereupon it is determined that the overall current profile initially provided
cannot be satisfied.
[0123] At this point the load allocator 510 determines for the unamended current profile the margin of compliance
(positive or negative) of the predicted temperature with the maximum temperature. Once a predicted temperature is
identified which is below the maximum temperature threshold, the load allocator 510 increases the future current input
for that, presently comfortable, generator so as to compensate as much as possible for the load which will be shed by
reducing the current load for the overheating generator.
[0124] In yet another operational scenario, both generators may be predicted to overheat, and so may both have their
future current loads reduced to prevent a failure, and in so doing shed load such that the overall target load cannot be
met (I1th(t) = I1max(t), and I2th(t) = I2max(t)). In this ’full failure’ scenario, a warning signal can be generated to alert the
operator.
[0125] With reference to Figure 4, there is provided a system 30 where there are more than two sub-systems, each
of which communicates with a load controller 700 and contributes to the delivery of an overall load.
[0126] At the load controller 700 there is provided a model 518, 618, 718 for each of the sub-systems 1, 2, N and a
processing module 550, 650, 750 for each of the sub-systems. Further, a single load allocator 710 is provided.
[0127] The system communicates with the controller 700 in accordance with the principles set out for the previous
embodiments. Thus for each of the sub-systems, a respective load profile is acquired at a respective load controller and
fed into the system, and meanwhile for each sub-system, a respective measured monitor signal and a respective meas-
ured load signal is fed back into the respective adaptive model in the respective load controller.
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[0128] Whilst examples provided above have been for the operation of the load controller in controlling the temperature
of an electrical generator, the invention is contemplated for use with various other sub-systems.
[0129] For example the sub-system under control could be a motor where the load is the overall torque or rotation
rate delivered, the input signal is the current, and the temperature is the parameter being monitored.
[0130] It is contemplated that the load controller could be implemented on any number of computing devices with
suitable I/O modules and DACs / ADCs in order to in real time (aka with sufficiently minimal latency) read the various
signals coming in, deliver the signals going out, and interface with a human operator (for example so that the predeter-
mined criterion and target loads can be set) whilst also having sufficient processing power to re-calculate the model of
the sub-system based on a new batch of data (i.e. that collected in the update window) etc., whilst having commensurate
memory provisions.
[0131] Accordingly the controller could be implemented on a personal computing device or an FPGA.
[0132] Whilst the modules and models of the controller have been treated as separate within the controller, the skilled
person would appreciate that such separation can in certain computing devices exist only insofar as the software calls
upon separate modules and routines; there is no inherent need for separate hardware for each of the modules.

Claims

1. A load controller for a system, the system comprising a first sub-system arranged to deliver a first load, the load
controller being operable to:

acquire a first target load profile, being the load initially desired for delivery by the first sub-system over an
operational period;
measure in real time during an update window within the operational period:

a first parameter of the first sub-system, to obtain a first measured monitor signal; and
the first load, to obtain a first measured load signal;

develop in real time a model of the first sub-system, using the first measured monitor signal and the first measured
load signal, the model relating the first load to the first parameter;
given the first target load profile, and the model of the first sub-system, generate for a future period a first
predicted monitor signal, the future period being ahead of the update window; and
determine whether the first predicted monitor signal satisfies at least one predetermined criterion.

2. A load controller according to claim 1 operable to:
recognise that the first predicted monitor signal is incompatible with the predetermined criterion and determine at
the first processing module an updated load profile for the first sub-system such that the first predicted monitor signal
satisfies the predetermined criterion.

3. A load controller according to claim 1, the system further comprising at least one further sub-system for delivering
a further load, the load controller being further operable to:

acquire a further target load profile, being the load initially desired for delivery by the further sub-system over
the operational period;
measure in real time during an update window within the operational period:

a further parameter of the further sub-system, to obtain a further measured monitor signal; and
the further load, to obtain a further measured load signal;

develop in real time a model of the further sub-system, using the further measured monitor signal and the further
measured load signal, the model relating the further load to the further parameter;
given the further target load profile, and the model of the further sub-system, generate for the future period a
further predicted monitor signal, the future period being ahead of the update window; and
determine whether the further predicted monitor signal satisfies at least one further predetermined criterion.

4. A load controller according to claim 3, operable to

determine an updated load profile for the first sub-system by comparing the first predicted monitor signal to the
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predetermined criterion to determine a first suggested load profile, the first suggested load profile being the first
target load profile confirmed as, or adapted for, satisfying the predetermined criterion;
and
determine an updated load profile for the further sub-system by comparing the further predicted monitor signal
to the further predetermined criterion to determine a further suggested load profile, the further suggested load
profile being the further target load profile confirmed as, or adapted for, satisfying the predetermined criterion.

5. A load controller according to claim 4 further comprising a load allocator, the load allocator arranged to:

acquire an overall target load profile for the system,
receive the first and further suggested load profiles,
determine whether the combination of the first and further suggested load profiles meets the overall target load
profile, and
output the updated load profiles for the first and further sub-systems.

6. A load controller according to claim 5 operable to, in the event that the first and further suggested load profiles do
not fulfil the overall target load profile:

determine a margin of compliance with the predetermined criterion for each of the suggested load profiles/input
signals,
identify any suggested load profile/input signal with an excess of compliance
compensate by adapting the excessively compliant suggested load profile to tend to fulfil the overall target load
profile;
and output the adapted suggested load profile as the updated load profile.

7. A load controller according to claim 6 wherein the load allocator is operable to issue an alert when it detects that:

the overall target load profile cannot be achieved from the suggested load profiles, and
there is insufficient excess of compliance between the suggested load profiles to compensate.

8. A load controller according to any of the preceding claims wherein the predetermined criterion is a maximum thresh-
old.

9. A load controller according to claim 8 wherein the maximum threshold is based on a defined maximum monitor
signal, and wherein to determine whether the first target load profile satisfies the criterion, the controller is operable
to apply the defined maximum monitor signal to the model of the sub-system to obtain the corresponding maximum
measured load signal, and compare the maximum measured load signal to a further portion of the target load profile.

10. A load controller according to any of claims 2 to 9 wherein at each sub-system the same parameter is monitored.

11. A load controller according to any one of the preceding claims provided with an initial model of the sub-system
generated from preliminary test data, and wherein to develop the model of the sub-system, the load controller is
operable to adapt the initial model.

12. A load controller according to any one of the preceding claims operable to develop the model repeatedly during the
operational period by measuring the parameter during a plurality of incrementally advancing update windows, and
for each update window, generating for an associated future period a predicted monitor signal.

13. A load controller according to any of the preceding claims wherein the sub-system or each of the sub-systems is
an electrical device and the parameter is the temperature of the sub-system.

14. A load controller according to any of the preceding claims wherein the subsystem or each of the sub-systems is an
electrical generator and the load is an output current for driving a load device.

15. A method of controlling a load at a system, the system comprising a first sub-system for delivering a first load in
response to a first input signal, comprising the steps of:

acquiring a first target load profile, being the load initially desired for delivery by the first sub-system over an
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operational period;
measuring in real time during an update window within the operational period:

a first parameter of the first sub-system, to obtain a first measured monitor signal; and
the first load, to obtain a first measured load signal;

developing in real time a model of the first sub-system, using the first measured monitor signal and the first
measured load signal, the model relating the first load to the first parameter;
given the first target load profile, and the model of the first sub-system, generating for a future period a first
predicted monitor signal, the future period being ahead of the update window; and
determining whether the first predicted monitor signal satisfies at least one predetermined criterion.
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